Research background and hypothesis. Most of the methods used to monitor ankle condition after acute ankle sprains do not provide knowledge about the functional state of the ankle, which is mostly dependent on muscles and proprioception. For this purpose we used isometric testing.
INTRODUCTION
L ateral ankle sprain is one of the most common injuries in sports (about 15% of all sports traumas), and various recreational activities (Hubbard et al., 2008) . About ten per 1000 people per year suffer from this pathology (Bleakley et al., 2010; Rogier et al., 2008) . Ankle sprains result in loss of playing or working time as well as in medical expenditure (Fong et al., 2009) , about a quarter of injured people are unable to participate in social activities for more than seven days. Without adequate treatment and rehabilitation ankle sprains may lead to various complications including re-sprains, chronic ankle instability, persistent swelling or even arthrosis (Anandacoomarsamy, Barnsley, 2005; Struijs, Kerkhoff, 2010) .
In acute phase ankle sprains are associated with pain, swelling, loss of function, and/or instability, there is also a decrease in ankle evertor and invertor muscle strength due to neuromuscular regulation impairment (Richie, 2001) .
There have been studies published which monitored pain, swelling, and self-reported function after acute ankle sprains (Mawdsley et al., 2000; Bleakley et al., 2007; Rogier et al., 2008; Bleakley et al., 2010) . The problem is that most of these methods are quite subjective; they do not provide knowledge about the functional state of the ankle, which is mostly dependent on muscles and proprioception (Richie et al., 2001) . We suggest monitoring early eversion and inversion changes after acute ankle sprains, and by doing that to prevent further complications, such as chronic or functional ankle instability. A few studies, that used ankle eversion and inversion measurement, focused on symptom-free patients or patients with residual problems like chronic ankle instability. This basically means dealing already with ankle sprain complications (Willems et al., 2002; Arnold et al., 2009 ). These studies used isokinetic testing.
In order to measure ankle eversion and inversion strength after acute ankle sprains, when there is a swelling and a significant loss of range of motion and function, isokinetic testing would not be recommended because eversion and inversion movements would be painful, and they would put an additional stress to the already injured ligaments. In these cases isometric testing can be helpful -the tested leg is immobilized by several straps, there is no movement during testing, and therefore the injured ligaments are not stressed.
A few studies used isometric ankle testing (Kaminski et al., 1999; Webber, Porter, 2010; Smith et al., 2012 ), but they were investigating patients with residual problems like functional ankle instability. E. Holme et al. (1999) performed isometric ankle strength measurement six weeks post ankle injury. There was one study in which isometric testing (eccentric-isometric) was used three weeks following acute ankle sprain (Konradsen et al., 1998) . We have not found any data published about isometric testing during the acute phase after ankle sprains. We think isometric ankle eversion and inversion strength measurement would be a very helpful tool to determine the extent of functional impairment after acute ankle sprains. It would be useful in monitoring the whole rehabilitation process -knowing whether eversion or inversion (or both) is mostly affected enables us to adjust rehabilitation programme for each patient individually, and thus to ensure the progress.
The aim of this study was to detect early eversion and inversion changes after acute ankle sprains, and to compare them to the usual methods.
RESEARCH METHODS
Subjects. During the period between August, 2011 to August, 2012, 139 athletes with ankle trauma were evaluated for eligibility. They filled in a questionnaire involving questions about previous ankle traumas and athlete's training intensity. They also had to fill in the Lower Extremity Functional Score questionnaire. Clinical measurements were performed by the doctors. In total 80 athletes (53 males, mean age 25.29 ± 4.46 years, mean height 182.72 ± 5.58 cm, mean weight 82.5 ± 4.6 kg, and 27 females, mean age 26.03 ± 4.61 years, mean height 170.93 ± 6.24 cm, mean weight 61.87 ± 5.12 kg) met inclusion criteria and were included in the trial. The sample size was limited by our capabilities to enrol more patients during this period. Before injury all subjects had been exercising at least three times per week for the last year, each exercising session lasting at least one hour. Inclusion criteria were: recent (up to five days) grade II ankle sprain, no tendon ruptures, no detected bone fractures, no ankle trauma (of either leg) within the last year. The differentiation between ankle sprain grades was based on pain, swelling, mechanical stability (anterior drawer test and talar tilt test) and ability to bear weight (fully or partially) on the injured leg.
All subjects signed Informed Patient Consent Form, and were randomly assigned to two groupsIsometric Testing Group (40 subjects, mean age 26.55 ± 5.15 years, mean height 178.1 ± 8.15 cm, mean weight 73.43 ± 11.02 kg), and Control Group (40 subjects, age 24.63 ± 3.57 years, height 177.93 ± 7.34 cm, weight 75.08 ± 11.25 kg).
Rehabilitation protocol. All patients in both groups underwent the same rehabilitation programme-functional AIRCAST (Air-stirrup) type ankle brace, home based exercise programme, and cryotherapy. We preferred not to use nonsteroidal anti-inflammatory drugs because of their healing reducing effect. They were prescribed only in order to prevent secondary damage in cases of intense inflammation, and used only up to five days (Mehallo et al., 2006) .
Functional ankle brace was chosen in order to protect ankle from eversion and inversion movements (to protect the injured ligaments), but to allow mobility (Kerkhoffs et al., 2002; Beynnon et al., 2006; Lin et al., 2010) . Each subject was shown how the brace should be put on, and they could try putting the brace on themselves, to make sure the brace would be worn properly. It was recommended to wear the brace during weight bearing (walking, going out).
Home based exercise programme included stretching exercises, proprioception training, muscle strength and endurance exercises (Petersen et al., 2013) . On baseline home based programme included mild stretching exercises, performed with no pain (mainly to maintain ankle dorsiflexion), and proprioception exercises -standing on even surface three-four sets of one minute on each leg with as little support as possible, four-five times per day. Every week the programme was gradually complemented with proprioception exercises using elastic bands, proprioception exercises on soft even surface, and progressing stretching, muscle strength and endurance exercises. Each subject was shown how to do all exercises, and also received written instructions.
After exercising, cryotherapy was recommended because of its pain, swelling, and inflammation reducing effect (Bleakley et al., 2007; Petersen et al., 2013) , all subjects received a verbal explanation on proper ice application -ice cubes mixed with water, and applied for 15-20 minutes threefour times per day (maintaining at least three hour intervals between each application). It was recommended to keep the injured limb elevated while applying cold.
Isometric testing. We have introduced monitoring of eversion and inversion during rehabilitation, this being an objective way to evaluate the functional state of the ankle. Isometric mode was chosen for testing because of its safetyno movement allows to measure muscle strength without posing any tension to the injured ligaments; therefore the testing is possible in early stages of rehabilitation process.
We used a Biodex System 4 Pro Dynamometer and Biodex Advantage Software Package (Biodex Medical Systems Inc, Shirley, NY) to determine isometric peak torque and peak torque differences between the healthy and injured legs in eversioninversion movements of the ankle. Subjects were tested in a semi recumbent position. In order to minimize substitution from other muscles the knee was in extension, and to avoid additional movements two straps-one proximal to the knee and one around the hips-were wrapped, patients were asked to rest their arms on their chest. Subjects wore their own flat shoes during testing; each shoe was tightly fastened with 2 straps to the dynamometer footplate to minimize movement between the shoe sole and the footplate surface (Figure 1) .
Protocol. Before testing, each subject had to perform a five minute warm up on a stationary bicycle with low resistance (50 watts) at average speed (60-70 rpm). After five minutes of warm up, the patient was positioned on the dynamometer chair, the first tested leg being the healthy one. Each subject could see the screen with torque curve, and was given a verbal explanation on how to carefully and gradually increase effort to reach a visible torque curve plateau on the screen. With this biofeedback every subject performed three warm-up eversion and inversion repetitions, and We used our own created testing protocol. The test consisted of three maximal repetitions of isometric eversion and inversion at seven degrees of ankle inversion. The dynamometer footplate position of seven degrees of inversion was chosen because in the natural ankle range of motion inversion is greater than eversion, and measuring at this angle best represents both eversion and inversion (Tankevicius et al., 2013) . In order to reach a visible eversion and inversion torque curve plateau ten seconds were given. Between every repetition ten second rest period was given. Peak torque was determined by calculating the average peak torque of all three repetitions. All subjects received consistent verbal encouragement. The difference of eversion and inversion peak torques between both legs was chosen as the main outcome measure.
Outcome Measures. The outcome measures for both Control group and Isometric Testing group were pain on activity (while standing on the injured leg); swelling, measured in the "figure of eight" method; Lower Extremity Functional Scale (LEFS) score; Figure of Eight hop test, and Square hop test. Additionally, Isometric Testing group underwent isometric eversion and inversion muscle strength measurement every week.
• Pain was assessed using Visual Analogue Scale (VAS). All subjects were asked to stand on the injured leg for one minute, trying to use as little support as possible. After one minute they were asked to draw a vertical line on a horizontal scale to indicate a point that corresponded to the intensity of the pain while standing on the injured leg. The length from the left end to the vertical mark made by the patient was measured in millimetres (Phan et al., 2011 ).
• Ankle circumference was measured on both legs using the "figure of eight" method, which is a reliable tool to measure ankle swelling (Rohner-Spengler et al., 2007) . Swelling was defined as the difference of circumference between the unaffected and the injured legs.
• Lower Extremity Functional Scale (LEFS)
is a self-completed questionnaire containing 20 questions about severity of symptoms, the maximum score being 80 (Binkley et al., 1999) .
• Isometric ankle eversion and inversion testing. The difference of eversion and inversion peak torques between both legs (deficit) was chosen as the main outcome measure.
• In order to evaluate functional performance, and to compare the results between the groups, two hop tests were carried out on the last visit-Figure of Eight, and Square hop tests (Sharma et al., 2011) . For the Figure  of Eight hop test all subjects were asked to hop on one leg around two cones placed five meters apart as fast as possible.
• For the Square hop test, a square of dimensions 40 x 40 centimetres was marked on the floor with tape, and all subjects were instructed to hop in and out of the square moving in a circle for five times. Before hop tests, all subjects warmed up on a stationary bicycle for five minutes with small resistance. Then each of them received an explanation of the tests, and had five minutes to familiarize with performance. After that all subjects were asked to perform each test three times on each leg, average of two best times was chosen as outcome measure. Each subject was given one minute relaxation time after every test. Since isometric testing have been used for the first time in acute stages after ankle sprains all these outcome measures were also used in order to assess isometric testing safety. Pain, swelling, functional scale score, isometric testing results on the third week, and hop tests results were compared between the two groups to see whether isometric testing, used in early days after acute ankle sprain, had caused any alteration in these measures during rehabilitation.
Study Protocol. All subjects were asked to come four times in total: the first visit (baseline) was from three to five days after acute ankle sprain. Another three visits were performed respectively every week. The exact schedule and outcome measures taken on each visit are shown in Table 1 .
Data analysis. Descriptive data are presented as means and standard deviation (SD). Statistical Package for the Social Sciences (SPSS) for Windows (version 17.0) was used for statistical analysis. Paired t-test was used to determine statistically significant differences within each group, Independent Sample t-test was used to determine statistically significant differences between the two groups, p < 0.05 was considered statistically significant. Reliability of hop tests was assessed using intraclass correlation coefficient (ICC 2, 1), and Standard Error of Measurement (SEM). 
RESEARCH RESULTS
Statistical analysis showed no differences between Isometric Testing and Control group age, height and weight. The summary of the main outcome measures in both groups is shown in Table 2 .
Pain with activity gradually decreased throughout the rehabilitation period in both groups, however statistically significant changes in pain intensity were only found on the 1st (p < 0.01) and 2nd (p = 0.04) week after ankle trauma. No significant changes were detected between the results of Isometric Testing and Control groups (p > 0.05).
Ankle circumference of the affected limb gradually returned to normal in both groups. The changes of swelling were statistically significant on the first two weeks (p < 0.01). The swelling did not differ between Isometric testing and Control groups (p > 0.05).
The Lower Extremity Functional Scale (LEFS) scores from baseline till Week 3 gradually increased, each week the increase being statistically significant (p < 0.01). There were no statistically significant differences between Isometric Testing and Control groups (p > 0.05).
Isometric muscle testing in Isometric Testing group on baseline showed eversion and inversion deficits -eversion and inversion strength of the injured limb was significantly lower, p < 0.01. Muscle strength deficits gradually decreased during rehabilitation period and within three weeks returned to normal (eversion and inversion differences between both legs normally can be up to 10%), each week the changes were statistically significant, p < 0.01 (Figure 2 ).
On Week 3, patients of Control Group underwent isometric ankle eversion and inversion testing. Compared to the results of Isometric Testing group, no statistically significant differences were detected (p > 0.05).
In order to make sure hop tests are safe for each patient, we relied on isometric testing results. Only those subjects, whose eversion and inversion strength deficit did not exceed 15%, were allowed to perform hop tests because strength deficit of 15% or less indicated sufficient eversion and inversion support for the injured ankle (normally there is no muscle imbalance between the two limbs (Lin et al., 2009) . Eight people from the Isometric Testing group, and ten people from the Control group were excluded from hop tests because of this reason.
Hop tests results showed moderate to high intraclass correlation coefficients (ICC 2, 1), shown in Table 3 , no statistically significant differences between the groups were observed (p > 0.05).
Eversion deficit correlated with the Lower Extremity Functional Scale scores on Baseline, Week1, and Week 2, correlation (-0.50)-(-0.33), p < 0.05, inversion deficit correlated with the Lower Extremity Functional Scale score on Baseline and Week1, correlation (-0.63)-(-0.52), p < 0.05. 
DISCUSSION
Even though ankle sprains may recover within a relatively short period, A. B. Aiken et al. published a study where they concluded that one month after ankle sprain clinical findings suggested full recovery, however laboratory measures (active and passive mobility, plantarflexion and dorsiflexion tests,) detected residual deficits (Aiken et al., 2008) . Results of our study match with such data -clinical findings, such as swelling, and pain subsided during the first two weeks. However isometric testing showed significant changes during all three weeks.
Safety. Our main findings show that isometric testing can be safely applied in early stages of ankle sprains -all measured parameters (pain, swelling, LEFS score, hop tests) did not differ between the two groups. No harmful effects were noticed, the improvement was the same in both groups.
Eversion and inversion deficit. Results of our study show there is a significant loss of eversion and inversion strength in the injured limb after acute ankle sprains. On baseline, eversion is about 36%, and inversion is about 32% smaller in the injured limb than it is in the healthy one. This is most probably caused by soft tissue damage, hematoma, local inflammation, and neuromuscular impairment. When measured every week after the injury, this strength deficit gradually decreased, representing improvement of functional state of the ankle. In our practice we noticed that in such cases when the deficit remains the same or increases, it might be a hint of more severe pathology or a complicated course. Such patients should be treated with more cautions and additional diagnostic tests (MRI, ultrasound, etc.) should be considered. In our study the 18 subjects, whose isometric testing results on Week 3 testing showed greater than 15% deficit, were referred to more detailed diagnosing and additional pathology (bone oedema, osteochondral lesions, syndesmotic injury, peroneal tendon retinaculum injury, etc.) was diagnosed for seven patients. Further research is needed to investigate isometric testing results connection with MRI findings.
Isometric testing advantages. We found that another reliable tool was Lower Extremity Functional Scale, its score changes being statistically significant every week. However, Lower Extremity Functional Scale result only represents a self-reported function, and it is not specific. Isometric testing shows how much eversion or inversion (or both) is affected. Thus it is possible to approach each patient very individually, basing the progress of rehabilitation programme on the results of isometric muscle testing.
Sufficient eversion and inversion strength ensures functional stability of injured ankle. It provides objective reason to allow patients to gradually increase intensity and complexity of exercises. We chose it as a criterion for allowing patients to perform hop tests. Isometric testing can be a helpful tool for accelerating and personalizing athlete rehabilitation. For example, in our study we noticed that some patients in Isometric Testing group had eversion and inversion deficit smaller than 15% even in first weeks after injury (4 patients on Week I, 13 patients on Week II). We think their rehabilitation program could have been accelerated, and recovery time shortened by approaching them individually. Further research is planned for setting guidelines based on isometric testing results.
Biofeedback. During testing each patient can see their results, which help them better understand their situation, and validity of their rehabilitation. Obtained objective data motivate the patient, and they feel closely involved in the whole rehabilitation process. Table 3 . Hop test reliability Availability. Many sports centres in the world have dynamometers and could use them for isometric eversion and inversion testing. We are introducing this method as a safe and objective tool to be used together with the usual ones. Testing data should be assessed taking into consideration all other ankle function parameters.
Limitations. We focused on safety and implementation issues in order to introduce this method. Our study was performed in a limited period of time and further research should include longterm follow up, more detailed eversion and inversion deficit analysis, search for correlations between deficits and recovery time. We would like to further investigate the relationship between isometric testing results and possible underlying pathology (functional reflection of organic pathology).
CONCLUSIONS AND PERSPECTIVES
Isometric testing detects early eversion and inversion changes. We suggest that isometric eversion and inversion testing is safe and helpful in monitoring rehabilitation after acute lateral ankle sprains. It provides more information about the functional state of the injured ankle, and enables the physician to better understand the extent of the injury. Isometric testing helps to closely followup the rehabilitation progress, and it has positive biofeedback. We have also noticed that isometric testing is a very useful tool in individualising rehabilitation programs.
